The promotive effect of AgNO3 and aminoethoxyvinylglycine (AVG) on in vitro shoot regeneration from cotyledons of Brasska campestris ssp. peklnensls in relation to endogenous 1-aminocyclopropane-1-carboxylic acid (ACC) synthase, ACC, and ethylene production was investigated. AgNO3 enhanced ACC synthase activity and ACC accumulation, which reached a maximum after 3 to 7 days of culture. ACC accumulation was concomitant with increased emanation of ethylene which peaked after 14 days. In contrast, AVG was inhibitory to endogenous ACC synthase activity and reduced ACC and ethylene production. The promotive effect of AVG on shoot regeneration was reversed by 2-chloroethylphosphonic acid at 50 micromolar or higher concentrations, whereas explants grown on AgNO3 medium were less affected by 2-chloroethylphosphonic acid. The distinctive effect of AgNO3 and AVG on endogenous ACC synthase, ACC, and ethylene production and its possible mechanisms are discussed.
Plants usually exhibit enhanced ethylene production when wounded or under environmental stresses or pathogen attack (31) . Ethylene biosynthesis in plants occurs via SAM' and ACC intermediates using methionine as a precursor (31) , but the molecular mechanism of its action is not clear. It has been known for some time that cultured plant cells evolve ethylene (1 1). However, the role of ethylene in plant cells and tissues grown in vitro is not well understood. In recent years there has been increasing evidence that the occurrence of morphogenesis in cultured plant cells may be associated with ethylene. The presence of ethylene was found to be important for embryogenesis from anther cultures of Hordeum vulgaris (6) and flower bud formation from thin-layer explants of Nicotiana tabacum (28) . In contrast, shoot regeneration from callus cultures of Helianthus annuus (18) and N. tabacum (10) was inhibited by ethylene. The use of EIs, e.g. AgNO3, norbornadiene, and CoCl2, promoted shoot regeneration from callus cultures of Nicotiana plumbaginifolia and Triticum aestivum (23) and enhanced somatic embryogenesis of Daucus carota (25) .
In the genus Brassica, cells and tissues of B. campestris ' Abbreviations: SAM, S-adenosylmethionine; ACC, 1-aminocyclopropane-l-carboxylic acid; Els, ethylene inhibitors; AVG, aminoethoxyvinylglycine; CEPA, 2-chloroethylphosphonic acid.
have been known to be recalcitrant in culture (17) , although tissue culture systems for other species, e.g. Brassica alboglabra (19, 22) , Brassica napus and Brassica oleracea (33) have been well developed. Recently, the use of EIs promoted embryo production from anther culture (2) and shoot differentiation from callus culture (26) Ethylene evolved from explants grown on medium with or without AgNO3 or AVG was measured. Before measurement, the serum stopper of each flask in which explants were grown was removed. The flasks were allowed to stand for 1 h in a laminar flow hood under dim light (15 ,uE/m2/s) with a constant air flow of 0.48 m/s, the flasks were resealed with the serum stopper, and the flask was alowed to stand an additional 3 h in the hood. A l-mL gas sample was withdrawn from each flask with a hypodermic syringe and assayed by a gas chromatograph (Hewlett Packard model 5890) equipped with a 6-ft Poropak N (80/100 mesh) column, a flame ionization detector, and integrator (Hewlett Packard 3390A). The operation temperatures were set at 100, 150, and 200°C for the oven, injector, and detector, respectively. Nitrogen flowed at a rate of 35 mL/min was used as a carrier gas. The range of ethylene measurement with confidence was from 0.1 to 0.915 ,L/L (SE ±0.0002).
ACC and ACC Synthase Assays
Each gram of frozen tissues was homogenized at 4°C using mortar and pestle with 1 mL extraction buffer consisting of 100 mm potassium phosphate buffer (pH 8.0), 1 mm dithiothreitol, 25 jAM pyridoxal 5'-phosphate, and 5% polyvinylpolypyrrolidone (mol wt 40,000). Homogenate was centrifuged at 14,000 rpm for 20 min at 4°C. The supernatant was retained and centrifuged again before it was assayed for ACC according to the method of Lizada and Yang (14) . This procedure of extraction allowed 92% ACC to be recovered in the supernatant.
The protein concentration of the supernatant was determined according to the method of Bradford (3) . For ACC synthase assay, 20 1,L supernatant (31 to 151 ug protein) was incubated at 30°C for 15 min in a 0.6-mL reaction mixture consisting of 400 ,M SAM and 10 JLM pyridoxal 5'-phosphate in 100 mm potassium phosphate buffer. The amount of ACC formed was determined according to the method of Lizada and Yang (14) . One unit of enzyme was defined as that which converts 1 nmol of SAM to ACC per h at 30°C.
RESULTS
Cotyledons of both B. campestris ssp. pekinensis cv Shantung and cv Wong Bok generally exhibited a similar pattern of shoot regeneration in response to EIs, e.g. AgNO3 and AVG, during 3 weeks of culture. Shoot regeneration from explants grown on medium supplemented with EIs increased progressively, up to 70 to 90% after 3 weeks. In contrast, explants grown on medium without EIs remained poorly regenerative (10 to 20%) (Fig. 1) . In cv Shantung, explants usually began to form shoots after 12 (Fig. 2) .
The promotive effect of Els on shoot regeneration can be reversed by CEPA. On AVG medium, the frequency of shoot regeneration from cotyledons of both cultivars declined sharply at 250 Mm CEPA, regeneration being reduced by 50 to 70%, whereas regeneration from explants grown on AgNO3 medium were less affected by CEPA, which caused only 10 to 20% reduction (Fig. 3) . Although both AgNO3 and AVG showed a similar promotive effect on shoot regeneration, explants grown on these media exhibited different rates of ethylene evolution, and the levels of endogenous ACC synthase activity and ACC were also different. In general, explants at 0 d contained very low endogenous ACC synthase activity (0.3 to 1.7 units/mg total protein), ACC (0.3 to 0.5 nmol/g fresh weight), and ethylene (<0.02 uL/L/h). However, explants grown on AgNO3 medium produced high levels ofethylene which began to increase rapidly after 3 d of culture and reached a peak on d 14, and the ethylene level was sixfold higher than that produced by control explants (Fig. 4) (9) . Among Brassica species, B. campestris has been shown to be least regenerative in culture, and cell recalcitrance in regeneration is believed to be controlled genetically (17) . However, we previously showed that cell recalcitrance of B. campestris and B. juncea could be effectively overcome using Els, which substantially enhanced in vitro shoot regeneration from cotyledonary and hypocotyl explants of both species (4, 5) and stimulated shoot and plant regeneration from protoplast-derived somatic embryos ofB. juncea (20) . In this study, we showed that the promotive effect of AgNO3 and AVG on shoot regeneration from cultured cotyledons of B. campestris ssp. pekinensis cv Shantung and cv Wong Bok diminished as a result of the prolonged culture of explants on the EI-free medium after 3 d. It is not surprising because shoot differentiation in cultured explants of Brassica usually began to occur after 4 to 8 d in culture (27) . The present study also demonstrated that the promotive effect of Els can be reversed by CEPA. This finding, accompanied by evidence from previous studies (4, 5) , suggests that ethylene evolved from cultured cells and tissues is responsible for cell recalcitrance of B. campestris. An effect of the pH change from the added CEPA has not been experimentally eliminated but seems unlikely in view of the other data in this study. In AVG is known to inhibit the activity of ACC synthase by inhibiting the pyridoxal phosphate which is required by ACC synthase for activity (31) . Because ACC synthase catalyses the conversion of SAM to ACC, both ACC synthase activity and the level of ACC also play a major role in regulating ethylene biosynthesis (15) . An inhibition of the ACC synthase activity usually results in decreased production of ACC and ethylene. This probably explains the decrease of endogenous ACC synthase activity, ACC, and ethylene in explants grown on AVG medium in this study. The use of Els, including AVG, resulted in reduced ethylene production in cultured cells and tissues in B. oleracea (26) and D. carota (25) , and shoot differentiation from callus cultures and somatic embryogenesis was enhanced.
With respect to AgNO3, the mechanism of its inhibitory effect on ethylene-induced responses is not well understood. However, it is believed that Ag' inhibits ethylene action by competitively binding to ethylene receptors (1, 15) , which is thought to be located predominantly at the intracellular membrane (30) . Unlike explants grown on AVG medium, where the shoot regeneration frequency is reduced by 50 to 70% in the presence of CEPA at 250 gM, the regeneration capacity of explants grown on AgNO3 medium is not affected or only slightly affected by ethylene produced either endogenously or exogenously by CEPA. This may be attributed to an interference of ethylene binding by Ag' which, as a result, prevents or reduces ethylene action. Enhanced production of endogenous ACC synthase activity, ACC, and ethylene in the presence of AgNO3 is probably due to an excess of Ag' in the medium which may be phytotoxic, because stimulation of ethylene production is a common response of plants to stress (31) . The similar enhanced ethylene production as a result of the AgNO3 application has also been reported in hypocotyls of H. annuus seedlings (13) and cut flowers of Dianthus caryophyllus (29) . However, Sethi et al. (26) reported that the use of AgNO3 resulted in a decrease of ethylene emanation from callus of B. oleracea. This discrepancy is probably due (14) . Vertical bars, SES of three measurements.
